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(54) Abstract Title 

Variable gain amplifier has phase correction for radio 

(57) A phase correction circuit for radio communication apparatus includes a variable gain amplifier (1) and 
phase correction unit (2). Amplifier (1) amplifies the transmission/reception signal on the basis of a gain 
variably set in accordance with a gain signal. The phase correction unit (2) has a phase characteristic opposite 
to that of the variable gain amplifier, corrects the phase of the transmission/reception signal on the basis of the 
gain signal supplied to the variable gain amplifier, and cancels the phase change of the signal caused in the 
variable gain amplifier. The phase characteristic may be stored in a table (2a), or obtained by an arithmetic 
expression. 
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. -Specification . t .,...„/ . .., ■ 
: , ■ -Title of the Indention 

Phase, Correction Circuit ..for Radio Communication 

, r . -. . ■ : : Apparatus . . ,. 

5 . , , r . ; . ■ : , . : ^ . . . . ... , . : . ... 

Background. .o£. the Invent ion . : , ..... 

r!i . : The : present invention relates to a phase 
correction.; circuit-- for a radio; .communication, apparatus 
and, more particularly, to a phase, correction circuit 
10 : for a radio communication^ apparatus- that,.. has,,a.. variable 
gain amplif ier for, a.mplifyip^ or 
transmission signal, - , • ; s 1 r ; - ; , . .. . . , ■ . 

According to a conventional phase ; shift keying 
'scheme such, as a ri CDMA (Code- division Multiple Access) 
15 radio scheme used., irv digital- radio communication systems, 
data is transmitted in correspondence, with each phase of 
a carrier wave , For., ex-ample, in a QPSK (Quadrature 
Phases Shift ; Keying) scheme,;- as :S,hown in Fig. 6A, data 
, : . "DO", ;':10;", : "11^, : and "01" a : r : e .transmitted while being 
20 assigned as .symbols on the I-Q plane, to. n / '4, 3k /4, 5 k 
■. /4,. and 7 5/4 phases, respectively* . - 

. - v- y 1 In., this case, the respective data shift from 
each other rby a r k /A phase , .. . While holding the phase 
differences between the respective symbols, only the 
25. entire phase, i.e., reference phase, can, be . rotated by <f> , 
as shown in Fig. 6B. : . In interpolation synchronous 
v detection used in this, phas^ shift keying scheme, the 
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reference phase is rotated for each slot set in a main 
signal, and rotated' for each data in the slot. 

■ T ■' " -Figs. -7A arid 7B show an- example- of the signal 
format according "* to : tft^ interpolation synchronous 
detection scheme, and Figs. 8A and 8B show a phase 
change in the interpolation- synchronous -detection scheme. 
" i • : % -in "Fig": "?A', = : re spectrveT slots include PILOT 
portions" PI to : P3- eabh representing the -reference phase 
of* a corresponding slot ,■ and*- DATA pdrtfons Dl to D3 each 
representing 'transmission- J d'ata. ■ To detect this signal, 
; the ref erence ph£s^ J irv respective 'slots-, * e.g., the 
phases of data "11" are detected from -the "PI EOT portions 
PI tb -P3' o f' the" 'slots-. ^ ■ r : / • " : " - 

" " Mote specif ically^ " -in- a slot SI / the " PILOT 

portion PI -stores : four- pilot- data "11" Pll to T14,.- as 
shown in' Fig. '7 B : .-^ A reference" phase : P10 of the slot SI 
" shown- in' Fig. 8A is~detebted from^the average of these 
•symbol positions Similarly , - a- reference phase P20 of a 
' slot S2 r is- v detected; The interval from the detected 
reference phase P20 ; to the reference phase" 1 P10 of the 
preceding slot is - divided by-tfie : hiimber of data in the 
■siot-V^as : shown ? iri Fig;- 8B; : * The ;; -phase is gradually 
^shifted for each data-' to establish • synchronization. 

This conventional radio** communication 
apparatus employs a variable gain amplifier in the' 
analog circuit of -a modulatoi: or demodulator. For this 
reason, a phase change caused by a dynamic gain change 
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in the variable .gain. amplifier generates an error in 
reference, phase, detection based : .on the pilot signal. A 
detection - error, occurs every s.Xot serving as a gain 
switching unit... ; - ;■ - • ..... 

This is because the phase change amount of the 
variable gain amplifier, changes depending on the gain, 
and the phase, relationship Jsetween the input signal and 
output, signal, of . the variable gain amplifier is 
unbalanced, upon a gain change. , 
Summary of the Invention 

. . It : . is .an object .of . the present invention to 
provide... a phase correct i.pi). r c.irquit. for a radio 
communication ;app^x.atus r . that reduces a .phase ^ change to 
prevent; a detection error when. the. phase changes in a 
variable: gain .amplifier r in. accordance with a gain ..change- 
To ..achieve .the, above object, according to the 
present invention', there Is provided, a phase correction 
circuit for a radio communication apparatus, comprising 
a ; variable v .gaii} amplif ier ( for amplifying a 
tra : nsmissi,on/receptlon ; signal pn. the basis of a gain 
variably ,set ; ., ,in v accordance ,with a, gain signal, and phase 
correction -means , having., a phase.^ pharacte^ opposite 
to a phase characteristic ...of the. variable gain amplifier, 
for correcting a phase , of , the , transmission/reception 
signal on the basis of th$. gain .signal supplied to the 
variable gain amplifier, and canceling a phase change of 
the signal caused in the variable gain amplifier. 
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' Rrief DeWrTri "p't li'n n vv? rhp Drawings 

Fig. 1A 'is a block diagram showing the phase 
correction circuit for 'a radio communication apparatus 
according to the first embodiment \of : the 'present 

5 invention; " 
■ '■ ' : • ' Fig. "IB' is~'a block : d'iagrain-'shbwing a 

"modification of ~ the : ''circuit in Fig : . 1A; -" ; 

'-''Fig^ 2 is" a : graph" for explaining the phase 
characteristic of the" phase '" correction unit shown in 

10 Fig. 1A; "'*"" ' " : * ' 

-"'" : -'"pig- 3" is 1 a block diagram -showing a radio 

communication 'apparatus 7 according- to* the ; "second 
embodiment of thl"-present- invention; -'■ r 

- ; '"-■■ Figs/ 4A"t'o : 4D -are' -views/ respectively, 
15 : : showing phase : 'corfVction operation "of the radio 
% " 'dcWunicatfiori* : &pp£itatus shown in Fig. 3; 
-•"- • •" . p^/ '5 is a g'rSph showing "'an example of phase 

correction;' 

Figs. 6A and 6B are graphs; respectively, 
"20 showing 1 the phase relationship in"" the ^QPSK* scheme; 

• - - Figs'. :7A and 7B-' are views; respectively, 
•" showing ' "the signal format by the" interpolation 

1 E synchronous detection scheme,- and - 

: • • Figs. 8A and 8B are views-, respectively, 
25 showing' a phase change in the' interpolation synchronous 
detection scheme. 
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, ■ Description ,of the Preferred Embodiment^ ., : 

• — . ,-. The- present, invention r > T ill be described in 
detail ; below; with- reference tp : the , accompanying drawings. 

: Fig-. 1A . shows : the : phase ; correction circuit for 
5 r.a radio, communication apparatus-: accprding .,to the first 
embodiment of the present.-.- invention. In Fig. 1A, a 
variable gain, amplifier . (to. be referred to , as an 
amplif ier ) , 1. is- one ; of elements . constituting, . the analog 
/ Circuit,; of the radio communication -apparatus . The 
10 . amplif ier . !. changes v in. gain c in accordance with , a gain 
. signal- -4, - ppn;vert;S-.an §inalog e inp.ut signal 3a as a 

reception/transmission^ signal ^in to an output signal 3b 
-having, a predetermined..; magnitude-- (e.g. , amplitude), and 
outputs the . output;- signal; 3b ~ ^ -~ . . - . . .... v , t >. . r . 

15 . In this reception . .case t the- gain- signal; 4 is 

controlled based on 7 .the . magnitude .of -the. : input signal 3a 
to: icon'stitiutevcan* AGC; (Auto,- Gain -Control) amplifier. For 
e x amp 1 e , r : w h en : a small; input signal 3a is input, a gain 
signal. 4// exhibiting a. high , gain is ■. supplied to . the 
20 amplifier Xy. jWhen; ;a: large,- input signals 3a is input, a 
.gain esi;gna>1^4 -exhibiting- a. low ; gain is ^supplied . 
Accordinglyv^ .the. amplif ier 1 can output * the. output 
signal ,3b . having an almost, constant magnitude-.., 

A phase correction unit 2 corrects., a phase 
25 -change ^o.f the.; output signal 3b generated upon a gain 
. change of the amplifier 1, on the basis .of a phase 
. characteristic opposite to that of the amplifier 1. In 
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Fig. 1A, - the- phase -correction unit .2 is arranged on the 
subsequent stage r (output stage) of the amplifier 1. 
Alternatively, a phase ''correction -unit 102 may be 
- ' arranged- on the -preceding' stage' (input stage) of a 
5 variable' gain amplifier 101, as' shown in Fig. IB. 

. J ": • :.' pig. 2" shows' the -phase' characteristic of the 
•phase : cb flection unit 2. --If -the phase change of the 
" ;: ' output signal 3b -f r6m ; 'tne :: 'amplifier "1 is- always kept 

constant "with respect" 'to c the- input signal ' 3a' regardless 
10 of" the gain/ the signal phase does not relatively change. 

- In practice/ howe'ver> ; ; the phase change amount, also 
* varies "upon ' a gain ^Gfiange-of :- th'e'^amplif ier ~1 . 

ih. The phase-' c'b ; rre"ct'ion unit; 2: exhibits a phase 
characteristic 9 having^at change amount opposite in 
15 polarity to the phase change amount, i.e., a phase 
^' characteristic ^& with^ respect, tro the gain of . the 

- amplifier -i: "The phase correction unit. 2 corrects the 
r phase of the output signal f rom/the: amplifier.: 1 using 
the phase- characteristic' 9. v: Th'at: is>, : when the . phase 
20 : change amounts of ^ the- amplifier 1 for gains GO, GA, and 
GB are- 0>C, 0>0-<X>A, and" <J>0 + 0>B, -respectively, the phase 

- '.correction amounts of thV pHSse correction: unit 2 are 

set to- O0, <D0+<E>A, and <I>0-'«I>B for these gains, 

respectively. " • " 
25 - • The' phase change amount of the signal always 

converges to- 2xO0 in an output signal 3c from the phase 
correction unit 2. Hence, even if the gain of the 
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variable 'gain amplifier ::1 dynamically ^changes, the 
output signal 3c in: which a .relative : phase change 
between the input' signal 3a: and output, signal 3b of the 
variable gfainr amplif i:ex r l/:is; .suppr^ssed ;can be obtained. 

In the 'phase correction . unit: 2>- the phase 
characteristic 9 for the gain //signal 4 of the amplifier 
1 can be prepared in a table 2 a to "digitally correct the 
phase on 'the- baseband. .Alternatively^ .the! phase 
^characteristic^ 9^ may^be given .as a- function by a circuit 
or -arithmetic- expression ^t#:obtainj vthe .phase- Correction 
amount by arithmetic processing or the' like using the 
gain signal 4 as : an inp>ut^jc:^ •;• ,.: ;„-.;., - ■; / • ■ 

Fig-. 3 shows adio- communication apparatus 
abased on the Q-PSK (Quadrature. Phase Shift Keying) scheme 
according to the second embodiment of the present 
invention . * 5 ; { . _ 

^ As described - above; a radio communication 
system usihg a ^ulti-phase ^shif t keying scheme such as 
the QPSK- scheme must more' Accurately control the phase. 
The -system must- reduce -a phase change -caused by a 
variable 7 gain amplif ier used in the input "stage of a 
■receivihg^siJde demodulator : or the- output stage of a 
t rahsmi-tting-side modulator ; 

1 ■ In the second embodiment, a reception signal 
phase correction unit - for: correcting, the; phase of a 
digital reception : signal is:: adopted, to make digital 
signal processing correct av phase change caused by the 
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variable gain amplif ierv Further, a transmission phase 
correction unit .for correcting the phase of a 
. transmission .signal before, analog conversion is adopted 
:•• -to make...dirg^tal signal •prbcessing-cor.rect a. phase change 
5 caused by the .variable gain- .amplifier. 
. , , "In Fig. .-3./. on the ^receiving side, a reception 

. - .signal" 41. ^received ..via. an antenna .(not shown) is 

- ..amplif ied .by a -variable gain.- amplifier . (..to be referred 

to as an amplifier). 11,- rand demodulated by a demodulator 
10 • :-12.: An output from -the demodulator. 12 is digitized by 
• an A'/D converter ...13 ?tQ ;;gene.ra.;te a reception, signal 42 
having Ir and Qr components :i pn r an;. I-Q. plane. ..A phase 
correction -unit; 14 ^corrects ,the phases of the Ir and Qr 
..components of. the -reception signal 4 2 on the basis of a 
15. , gain signal 45- from; -a reception gain controller 15 (to 

be described below), and generates a reception signal 4 3 
: - having Ir' andrQr.'- components .. -The. reception signal. 43 
is output to a~ baseband processor 3,1. , . - 

- The baseband processor- 31- recognizes , based on 
20 v -the phase-corrected .reception signal n 4 3,. PILOT portions 
,rPl to ,53 and. DATA, portions Di-t-p D 3, of respective slots, 

- --: which .have been described.-with reference to Figs. 7A and 

7B. If the DATA portion stores audio information, the 
audio information is, decoded into an audio signal and 

- 25 output from a speaker 32, At this time, the reception 

- gain controller 15 . detects the magnitude of the 
reception, -signal 4.-1 on- the basis , of the reception signal 
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4 2 output from the A/D converter /l 3; and .calculates the 
gain of the amplif ier 11 :f or . :each: -slot of the reception 
• signal 41 so as? .to optimize the magnitude of. the 
reception -signal; 41 . ^ : .. . ; ; : - - 

5 ' • ■ '-*~ " ? The reception gain c antr o 1 le r 15 out puts the 
' gain signal 4 5 digitally exhibiting the. gain -of the 
amplifier 11 on the basis of a' timing- signal 44 from the 
baseband .processor 31 - so as 1 to ^synchronize the gain of 
the amplifier 11 with each slot . - -A D/A .converter 16 

10 converts the- gain signal 4 5 from the reception gain 
controller 15 into an analog s i ±g-nak, .and vo.utputs the 
? analog 'signal to the : amplifier -11. As- ra result, the 
reception signal -4 1 is amplified to an appropriate 
magnitude^ and : ~6utput to -the demodulator 12 . 

15 - The gairv signal 45 from the reception gain 

controller 15 is' further *butput:to the phase correction 
' unit 1 4 . - : The phase correction unit 14 .corrects the 
phase of the-' reception signal 42 : in -accordance with the 
gain signal 45 in • synchronism with a gain change of the 

20 amplifier ^11. - A'- phase change in the amplifier: 11 is 

corrected for each slot ^by thfe -phase correction unit 14, 
and the reception signal ^4 3 In: -which- the phase change is 
suppressed is supplied to the baseband processor 31 . 

^ri the transmitting iside; . an audio signal 

25 input from a microphone 33 is encoded by the ^baseband 

processor 31 and stored in the DATA portions Dl to D3 of 
slots. The DATA portions Dl- to D3 are converted 
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together- with" PILOT, portions- PI to P3 each haying a 
-. fixed' signal such: as^"ll", into a transmission signal 53 
having If and Qt components . on the I— Q plane, and the 
transmission signal 53 is output The baseband 
5 processor' '6.1 outputs: a' gain -.signal., 55 representing the 
gain-. of; a. variable- gain amplifier c {to , be .referred to as 
an amplifier) 21 to .a phase correction unit 24 and D/A 
.:• ."converter- -2.6 so as: to synchronize ..the ^gain of , the 
.amplifier- 21 with each • slot ... .. 
10. : .> /The .phase correction unit 24 corrects in 

• 'advance rthe phases: of j. the It and Qt components , of the 

• , transmission signal ,r$3 ; in accordance with- the gain 

- . .-signal? -.55,- -and generates a; phase r cprrected,- transmission 
signal 5.2. having- .-It v. -and.- Qt • - components . . - A D/A 
15 . converter 23 converts the t-ra.nsmission signal 52 from 

--.the phase correction, unit 24. into an analog signal, and 
. -.; outputs. , the analog: signal to... a_ modulator.- 22. The 

, amplifies:. 21 amplifies an output,, from- the modulator 22 
on . the basis of the,. gain- signal- 55 for each , slot, and 
.20 .outputs ..-the amplified- output, as. a transmission signal 51 
to- an- antenna^ (not shown-),..., r- ' ■ r. • 

-. -■ , .. Accordingly-/ .-a -phase ...change. -in. the amplifier 
21" is. corrected in advance, for each slot, by the phase 
■ - correction unit.,24 to output the transmission signal 51 
25 having an appropriate magnitude in which the phase 
change- is suppressed.- Note that, the power of the 
transmission signal 51 is determined by the baseband 
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processor 31 based on the,, magnitude of., the reception 
signal -41 or.., information of, the reception signal 41 
instructed from a base station.. . . . 

For e.xample. / ,. ; an the .digital, radio . 
. 5 cqnununicati f on c system, such as^ the CDMA .radio scheme, a 

method, of controlling the. transmission T power of a mobile 
station,. f to.- a-.proper ^ value includes, open-lppp control of 
determining,, the transmission power, by the mobile station 
itself in accordance with the reception, level of a 
10 signal : transmitted from Jzhe base station. In this . 

open-loop control , tfee n distance between the. base station 
: and mobilei station, is determined .from, the signal level 
from ; the based, station, : tp;. determine a proper 
transmission., power. r 
. 15 . In addition,: the , transmission power control 

method includes closed-;loqp control of , determining the 
. transmission, power by the .mobile station in accordance 
.. . with, an instruct ion -from the base, station . In the 
closed-loop control, the reception level, of a , signal 
20 . transmitted .from .the, mobile station is detected by the 
-base station, ,and : t-he f base ...station .informs the, mobile 
station-, of -information, representing, .an increase/decrease 
in transmission power, until .the reception level reaches 
an optimal .value. . .. 

. 25 . ,-. ,- . v By using these methods, the baseband processor 

31 determines the .magnitude of the transmission signal 
■■*>. 51, and generates the gain jsignal 55 representing the 
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gain of the variable gain amplifier 21. 
- "* * Figs. "'4A to 4D shbw phase"' correction operation 

on the transmitting s ide . : ' "' As shown in Figs . 4A and 4B, 
when a slot'Sl ; has a transmfssibh gain Gl, the 
5 transmission l g a xn: Gl is r -'informed 1 ' oi- by ''-the' gain signal 

- 55 f tbm : tKe ' baseband' prbcessor-S^ f o' tfte phase 
^ cbr^ctioiV urti4:- ; 24. 1 The 1 phase ^correction unit 24 sets a 
phkse borrect i:brv Amount" ! 0'1 ^corre^oriding-to : the gain Gl, 
as' shown in Fig. 4C. 
10 " ' ' : * '" "The ph'a^b ^correction 1 unit -*24- corrects the 
' : ' : "pftasW 1 by-<£l : ' so ai n tcr eaincel the 'phase change amount of 

'thV tr^kitiissiori' i; Vi Gl of the amplifier 

21. r * As : a ^resiiitv : a^phafee^rotkt ion amount *'Y of a 
desired transmission signal iV' obtained/ -as shown in 
; -15 ; '-Fig/ 4D:' iri thi<£~ca£e/ as" "shown in ^Fig. 5, the phase 

' correction u'rir f t- ? "*2 : 4^ cbfreot^- the phasfe of the ! 
'■• r ■ " - : trknsmissioti^ signal 'by'-bnly increasing/decreasing the 

digital ; lt : Vnd ; 'Qt components' on -the I-Q plane by A I and 
" AQ f " respectively ■ • * • J '-" 

20' : According ' to -the -second' embodiir'ent , the phase 

- - "■ is corrected ; in a : 'sedtrbn ''^here' a reception - signal and 
; ' ! ' ' tYarVsiniss ion signal :: axe pr'ocesse& as digital values. 
■ " The phase : can be easily corrected, "compared to the case 

of correcting the phase of an analog signal. 
25 : : ' : i'h this embodiment, the phase correction units 

14 arid" 24 are arranged " separately from the baseband 
processor 31, and digitally correct the phase. Instead, 
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the baseband processor 31 may internally perform phase 
correction operation . 

As has been described above, according to the 
present invention, even when the gain of a variable gain 
amplifier dynamically changes, the phase change amount 
of a signal generated by a gain change in the variable 
gain amplifier can be reduced to prevent a detection 
error caused by the phase change. 
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CLAIMS 



1. A phase correction circuit for radio communication 
apparatus, comprising: 

a variable gain amplifier for amplifying a 
transmission/reception signal on the basis of a gain 
variably set in accordance with a gain signal; and 

phase correction means having a phase characteristic 
opposite to the phase characteristic of said variable gain 
amplifier, for correcting the phase of the 
transmission/reception signal on the basis of the gain 
signal supplied to said variable gain amplifier, and 
canceling the phase change of the signal caused in said 
variable gain amplifier. 

2. A circuit according to claim 1, wherein said phase 
correction means comprises a phase correction unit 
connected to an output stage of said variable gain 
amplifier to correct the phase of an output signal from 
said variable gain amplifier. 

3. A circuit according to claim 1, wherein said phase 
correction means comprises a phase correction unit 
connected to an input stage of said variable gain 
amplifier to correct the phase of an input signal from 
said variable gain amplifier. 
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4. a circuit according • to claim ' IV wherein said circuit 
further comprises a table -stdfi'ng in advance a phase 
characteristic for '-the'- gain, of- said variable gain 
amplifiers and wherein said-phase ' correction means obtains 
the phase correction ^ aitibURt -from- the -gain represented by a 
control -signal supplied' to' sai=d variable gain amplifier. 

5-: A circuit according -to' claim 1; wherein said phase 
^ correction *ieans : obtaihs^ the phase correction amount by an 
arithmetic expressioiv^in4 :; the-gain-represented by a 
control? signal- supplied to said variable gain amplifier. 



' " 6V - ■ A phase correction- circuit- f or a ■■ radio communication 
apparatus-; : comprising :• " "'• ' ; '-• r ; • - -■ ! - - : - ~* 

■ ' : ' a Variable 'gain- ampli f i er for amplifying a reception 
signal on- trie- basis of a ; ga in "variably set ; in accordance 
15 with a gain" signal;- • ' r. • : 

demodulation means for demodulating an output signal 
from said variable gain amplifier into I and Q components 
on an I-Q plane; " • •• ' •• • •" -* ~ : ^" 

A/b conversion means for converting the I and Q 
components output from 'said demodulation means into 
digital signals; and 

-phase correction means having a phase characteristic 
- opposite to the' phase characteristic o"f said variable gain 
amplifier, for increasing/decreasing the digital I and Q 
components output from said A/D conversion means on the 
basis of -the gain - signal supplied -'to •' said variable gain 
amplifier, and canceling the phase change of the signal 
caused in said variable gain amplifier. 
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4 

7. A phase correction circuit for a radio communication 
, apparatus, -comprising.:* ^ 

. a, variable gain- amplifier for amplifying a 
transmission signal on : the -basis of a gain variably set in 
- 5 accordance wi ; th--a v gai^,signa.l;;.-- - : . - 

D/A conversion ^ means^f or converting -digital I and Q 
components on' an I-Q plane into analog signals; 
£: .. ...modulation means, fop modulating the analog I and Q 

components ; output, from said D/A conversion means, and 
10 output,ting the modulated I and ,Q. components as a 

transmission signal to ^said variable gain-, amplifier; and 
phase correction means having a phase characteristic 
...... . opposite to- the. phase^characteristic ; of said- variable gain 

amplifier, for increasing/decreasing the digital I and Q 
15. components output^ to -..s aid D/A . conversion means on the 

basis of the .gain .signal s^uppliecL to : said- variable gain 
amplifier, and canceling the phase change, of , the signal 
caused in said . variable . gain amplifier. 

8. A phase correction circuit . substantially as herein 
20 described, with reference to tjie , embodiments shown in Figs. 

.1.. tp .4 of rthe drawings.,. 

9,,. . Radio communication, apparatus,, including a phase 
. ^ . coxrjection circuit .i : n,.acqqrdance ; . with, any- of . the preceding 

•....claims-.. \ . «-.--*. . ; ; . " ' : . ' • • ■- 

25 10. A : phase .correction method, for radio communication, 
the method .cpmprising the. steps of: • - ; • 
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4 # 



amplifying a transmission/reception signal, on the 

ha *i?:**L VM in variabl y -set in ,accord^nce^i:thv^/gain 
signal; and 

correcting the phase of the tran,sni^. ? ion/ reception 
signal on the basis of the^gaijp *ignaa ; and. cancelling the 
phase change of the signal caused in the amplification 

step. ^ j _ _ _ :.i:'i:';;A ; ..ir. Jil--:'"_ 



11. A phase ccrreetiiri mkfe' ! sufestant:ially as herein 
described with reference to the embodiinen^s "s&n in 'Figs. 
1 to 4 of the drawings . / '_W v i 
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